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摘  要 
 
在编码人三种不同 apoE 蛋白亚型（E2、E3 和 E4）的 APOE 等位基因
（ε2、ε3 和 ε4）中，APOE ε4 等位基因是阿尔茨海默病（Alzheimer’s disease，
AD）最重要的遗传风险因子，APOE ε2 等位基因则具有保护作用。鉴于 apoE
蛋白亚型对基于调节 apoE 蛋白表达的 AD 治疗可能会有不同的影响，我们通过
在人 APOE 基因定位替换（Targeted replacement，TR）小鼠脑中过表达不同的
人 apoE 亚型，研究脑中表达不同 apoE 亚型对 apoE 脂化和 β-淀粉样蛋白
（Amyloid-β，Aβ）累积的影响。 
在本研究中，我们构建了在星形胶质细胞特异性表达的胶质纤维酸蛋白
（Glial Fibrillary Acidic Protein，GFAP）启动子调控下表达 apoE 不同蛋白亚型
的腺相关病毒血清 8 型重组质粒（AAV8-GFAP-apoE-HA），并将重组质粒经
腺相关病毒包装后注射到出生 2 天（Postnatal day 2，P2）的 apoE3 或 apoE4-TR
小鼠侧脑室中表达。我们发现 AAV8-GFAP-apoE 质粒特异表达在小鼠不同脑区
域的星形胶质细胞中，并显著提高了脑中 apoE 的蛋白水平。在 apoE4-TR 小鼠
中，病毒介导过表达 apoE4 蛋白亚型增加了脑中不充分脂化的 apoE 脂蛋白颗粒
并降低了 apoE 相关的胆固醇水平。与之相反，过表达 apoE2 蛋白亚型则提高了
apoE 蛋白脂化和 apoE 相关的胆固醇水平。在 apoE3-TR 小鼠中，我们发现表达
不同 apoE 蛋白亚型后，apoE 脂化水平也有类似的变化，但不及 apoE4-TR 小鼠
中明显。进一步研究发现，在 apoE4-TR 小鼠中过表达 apoE4 蛋白亚型，显著提
高了小鼠脑内源 Aβ 水平，而过表达 apoE2 蛋白亚型趋向于降低 Aβ 水平。在
apoE3-TR 小鼠中，过表达 apoE 不同蛋白亚型对小鼠脑内源 Aβ 水平则无显著影
响。我们的结果提示，AAV 介导脑中星形胶质细胞表达 apoE2 蛋白亚型或向脑
中输入具有与 apoE2 蛋白亚型相似功能的模拟物可以作为潜在的 AD 治疗策
略，而提高 apoE4 蛋白亚型水平，特别是在 APOE ε4 携带者中不利于 AD 的治
疗。 
 
关键词: 阿尔茨海默病；载脂蛋白 E；脂化；β-淀粉样蛋白；人类载脂蛋白 E 定
















Among the three APOE gene alleles (ε2, ε3 and ε4) encoding the three apoE 
isoforms (E2, E3 and E4), the APOE ε4 allele is the strongest genetic risk factor for 
Alzheimer’s disease (AD), whereas APOE ε2 is protective. Modulating APOE 
expression in AD patients has been considered as a potential strategy for disease 
intervention. However, given that therapeutic impacts of modulating APOE 
expression may be isoform-dependent, it is important to understand the exact effects 
of altered expression of each apoE isoform on disease pathology. We sought to 
investigate the effects of overexpressing apoE isoform on apoE lipidation and Aβ 
accumulation in human apoE-targeted replacement (TR) mice brain.  
In the present study, we investigated the effects of overexpressing different apoE 
isoforms on apoE lipidation and Aβ metabolism in human apoE-targeted replacement 
(TR) mice brain. We generated adeno-associated virus serotype 8 (AAV8) -apoE-HA 
constructs expressing the three apoE isoforms driven by astrocyte-specific glial 
fibrillary acidic protein (GFAP) promoter and injected the AAV8 viruses into the 
ventricles of postnatal day 2 (P2) apoE3-TR or apoE4-TR mice. We found that 
AAV8-GFAP-apoE isoforms were specifically expressed in astrocytes throughout all 
brain regions, which led to overall increased apoE levels in the brain. In apoE4-TR 
mice, virus-mediated overexpression of apoE4 increased poorly-lipidated apoE 
lipoprotein particles and decreased apoE-associated cholesterol in the brain. 
Conversely, apoE2 overexpression in apoE4-TR mice enhanced brain apoE lipidation 
and apoE-associated cholesterol, less so in apoE3-TR mice. Furthermore, 
overexpression of apoE4 elevated the levels of endogenous Aβ, whereas apoE2 
overexpression tended to lower endogenous Aβ in apoE4-TR mice. However, 
overexpression of various apoE isoforms in apoE3-TR mice did not significantly 
impact the levels of endogenous Aβ in the brain. Our results suggest that astrocyte 
expression of apoE2 isoforms through AAV-mediated transduction or delivery of 
apoE2 mimetic into the brain might serve as potential strategies for AD treatment, 
while increasing apoE4 in the brain is harmful for AD treatment, especially for 
carriers of the APOE ε4 allele. 
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英文缩写 英文全名 中文名称 
P0/P2 Postnatal day 0/2 出生 0/2 天 
apoE apolipoprotein E 载脂蛋白 E 
AD Alzheimer’s disease 阿尔茨海默病 
Aβ Amyloid-β β-淀粉样蛋白 
APP Amyloid precursor protein 淀粉样前体蛋白 
TR Targeted replacement 定位替换 
AAV8 Adeno-associated virus serotype 8 腺相关病毒血清 8型 
GFAP Glial fibrillary acidic protein 胶质纤维酸性蛋白 
NFT Neurofibrillar tangles 神经纤维缠结 
PSEN1 Presenilin 1 早老素 1 
PSEN2 Presenilin 2 早老素 2 
EOAD Early-onset Alzheimer’s disease 早发性阿尔茨海默病 
LOAD Late-onset Alzheimer’s disease 晚发性阿尔茨海默病 
BSA Albumin from bovine serum 牛血清白蛋白 




CSF Cerebrospinal fluid 脑脊液 
CTF C-terminal fragment C-端肽段 
DMSO Dimethyl sulfoxide 二甲亚砜 
PHF Paired helical filament 双螺旋丝 
ELISA Enzyme-linked immunosorbent assay 酶联免疫吸附试验 
BBB Blood-brain barrier 血脑屏障 
sAPP soluble amyloid precursor protein 可溶性淀粉样前体蛋白 
GFP Green fluorescent protein 绿色荧光蛋白 
SF Straight filament 束状细丝 
GWAS Genome-Wide Association Study 全基因组关联分析 
HDL High-density lipoprotein 高密度脂蛋白颗粒 
TREM2 Triggering receptor expressed on 
myeloid cells 2 
2 型髓样细胞触发受体 
VLDLR Very low-density lipoprotein receptor 极低密度脂蛋白受体 
LDLR Low-density lipoprotein receptor 低密度脂蛋白受体 




ABCA1 ATP binding cassette A1 protein ATP 结合盒运载蛋白 A1 
ABCG1 ATP binding cassette G1 protein ATP 结合盒运载蛋白 G1 
PSD-95 Postsynaptic density protein 95 突触后致密蛋白-95 
KO Konck-out 敲除 
LPS Lipopolysaccharides 脂多糖 
NASID Non-steroidal antiinflammatory drugs 非甾体抗炎药 


























MCI Mild cognitive impairment 轻度认知障碍 
RAP Receptor-associated protein 受体相关蛋白 
IDE Insulin-degrading enzyme 胰岛素降解酶 
LXR Liver X receptor 肝 X 受体 
RXR Retinoid X receptor 视黄醇类 X 受体 




PET Positron emission tomography 正电子放射断层造影术 
PIB Pittsburgh Compound B 匹兹堡化合物 B 
NeuN Neuronal nuclei 神经核蛋白 
Iba1 Ionized calcium binding adapter 
molecule 1 
离子钙接头蛋白分子 1 
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